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(57)Abstract 

PURPOSE: To expand the visual angle of the liquid crystal panel and to obtain a good display 
grade by subjecting one of the substrates of the liquid crystal panel to an orientation treatment. 
CONSTITUTION: The liquid crystal panel 1 1 is formed out of liquid crystal unit cells 1 3 
segmented by level differences or wall surfaces 1 2 smaller than one pixel. The one unit cell has 
internally a pretilt angle of nearly 0° to a liquid crystal molecule 1 5 at nearly the center with 
respect to the cell thickness of the liquid crystal layer 1 4 when an electric field is not impressed. 
The pretilt angle of the liquid crystal molecule at the center is nearly 0° and, therefore, the 
direction inclining with the electric field is not regulated and may incline in any directions at the 
time of impressing the electric field. As the result, liquid crystal regions 1 6 (domains) inclined in 
the directions different from each other eventually coexist within the one pixel. The respective 
domains are larger than the one pixel if there are no wall surfaces 1 2 segmenting the respective 
liquid crystal unit cells, but if the cells are segmented by the wall surfaces 1 2, the growth of the 
domains is stopped in this range and the visual angle is improved. 
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ENGLISH TRANSLATION OF JP 6-281947 A 
[CLAIMS] 

1. A liquid crystal panel comprising liquid crystal unit cells each of which is 
smaller than one pixel partitioned by differences in level or wall surfaces, and comprising 
at least one polarizing plate, wherein at least one of liquid crystal panel substrates is 
subjected to alignment treatment. 

2. A liquid crystal panel according to claim 1, wherein the liquid crystal 
molecules have different tilting directions at least between the liquid crystal unit cells 
when an electric field is applied. 

3. A liquid crystal panel according to clai m 1 or [sic], wherein the differences in 
level or wall surfaces are in a shape which does not make a closed loop. 

4. A liquid crystal panel according to one of claims 1, 2 and 3, wherein the liquid 
crystal panel is a twisted nematic liquid crystal panel. 

5. A liquid crystal panel according to one of claims 1, 2 and 3, wherein the liquid 
crystal panel employs a homeotropic nematic mode. 

6. A liquid crystal panel according to one of claims 1 to 5, wherein 

the tilting angle of molecules at the center portion of the cell thickness direction of a 
liquid crystal layer of the liquid crystal panel is about 0 degrees when no electric field is 
applied. 

7. A liquid crystal panel according to one of claims 1 to 6, comprising a complex 
of a polymer and the liquid crystal. 
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8. A liquid crystal panel according to claim 7, wherein the liquid crystal panel is 
manufactured by at least including a process of partially curing a mixture of the liquid 
crystal and a polymer precursor. 

9. A liquid crystal panel according to claim 8, wherein a means for the partial 
curing is UV curing. 

10. A method for manufacturing a liquid crystal panel according to claim 8 or 9. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICABILITY] 

The present invention relates to a display panel, and particularly, to a liquid 
crystal panel and its manufacturing method. 
[0002] 

[CONVENTIONAL TECHNOLOGY] Conventionally, the following methods were 
employed to enlarge the viewing angle of a liquid crystal panel. 

(1) Light leaks due to change in the geometric transmission axis of the polarizing plate 
itself caused by the change in the viewing angle. 

[0003] To avoid this, a retardation film is inserted between the polarizing plate and the 
liquid crystal panel. The detail can be found in a reference "POLARIZING PLATE AND 
RETARDATION FILM FOR LIQUID CRYSTAL DISPLAY 1 , page 43 of a preprint of 
Lecture on the Possibility of Polymers: "LIQUID CRYSTAL DISPLAY THAT EXCEEDS 
CRT", sponsored by Kobunshi Gakkai, March 1992. 

(2) An optical compensation method with a retardation film having a negative refractive 
index. {The detail can be found in a reference: Yamauchi, et al., "SID 89 DIGEST", p.378 
(1989)}. 

(3) To make the viewing angle dependency of the liquid crystal panel due to the tilting of 
the liquid crystal molecules to an electric field small as a whole, by making domains with 
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different tilting angles of the liquid crystal molecules through partitioning the unit pixels. 
The detail can be found in the following references. 

[0004] a) K. H. Yang, " Two-Domain Twisted Nematic and Tilted Homeotropic Liquid 
Crystal Display for Active Matrix Applications", IDRC DIGEST, p. 68 (1991), b) Y. Koike 
et al., SID 92 DIGEST, p. 798 (1992), c) K. Takatori et al., IDRC 92 DIGEST, p. 591 (1992). 
(4) To enlarge the viewing angle by means of random alignment which is realized by 
employing a complex of a polymer and a liquid crystal. The detail can be found in a 
reference* 

[0005] H. Yoshida et al., IDRC 92 DIGEST, p. 631 (1992). 
[0006] 

[PROBLEMS TO BE SOLVED] However, the above-described conventional technologies 
have the following problems. 

(1) In the method in which a retardation film or a retardation film having a negative 
refractive index is used (methods (l) and (2) above), it is not possible to compensate the 
viewing angle dependency by the titling of liquid crystal molecules caused by an electric 
field. 

(2) In the method in which the pixels are partitioned (method (3) above), a photo process 
must be employed, leading to a complicated processing. 

(3) In the case of employing random alignment (method (4) above), use of a polarizing 
plate will result in poor efficiency of light utilization which makes the display dark due to 
lack of alignment treatment. 

[0007] 

[MEANS TO SOLVE THE PROBLEMS] In light of the above problems, in the present 
invention, the viewing angle characteristics can be improved by partitioning a pixel by 
wall surfaces, and making the tilting angle of liquid crystal molecules at the center portion 
of the liquid crystal layer (referred to as pretilt angle in the mid-plane' 9p(m), hereinafter) 
about 0 degrees when no electric field is applied, so that a multitude of domains having 
different tilting directions of liquid crystal molecules are introduced when an electric field 
is applied. 
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[0008] 

[OPERATION] The following explanation on the operation of the present invention will 
be made with the attached drawings. 

[0009] Fig. 1 (a), (b) are schematic cross-sectional views of a liquid crystal panel 
illustrating the operation of the present invention. A liquid crystal panel 11 comprises 
liquid crystal unit cells 13 which are partitioned by differences in level or wall surfaces 12, 
and each of which is smaller than one pixel. 

[00 10] In one unit cell, the liquid crystal molecules 15 at approximately the center of the 
cell thickness of a liquid crystal layer 14 have a pretilt angle ( 9 p(m)) of about 0 degrees 
when no electric field is applied (Fig. 1(a)). 

[00 11] When an electric field is applied (Fig. 1 (b)), there is no restriction to the tilting 
direction as against the electric field, since the 6 p(m) of the liquid crystal molecules at the 
center is approximate 0 degrees, and accordingly, the liquid crystal molecules at the center 
may be tilted toward any direction. 

[0012] As a result, liquid crystal regions 16 (referred to as domains, hereinafter) with 
different tilting directions from each other come to be present in one pixel in a mixed state 
as shown in Fig. l(b). 

[0013] At this moment, if there is no wall surface for partitioning each liquid crystal unit 
cell, each domain becomes bigger than one pixel so that parts with different viewing 
angles will be highly visible. 

[0014] If unit cells are partitioned by wall surfaces, the domain growth may be limited to 

that range and the viewing angle can be improved. 

[0015] 

[EXAMPLES] 

(EXAMPLE 1) Fig. 2 illustrates, as an example, a view of structure of a general TFT 
liquid crystal panel. 

[0016] Fig. 2 (a) is a plan view showing the structure of a liquid crystal element in which 
TFT elements are formed on one of substrates, and Fig. 2 (b) shows a cross-sectional view 
of Fig. 2 (a) at the A-A 1 line. 
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[0017] On a glass substrate 25a, disposed are pixel electrodes 21 with ITO films formed 
thereon, and gate electrodes 23 and source electrodes 22 in the shape of a matrix 
surrounding the pixel electrodes 21. The source electrodes 22 are formed about 500 nm 
higher than the pixel electrodes 21. 

[0018] Also, between the source electrodes 22 and the pixel electrodes 21, TFT elements 
24 are formed which perform a switching action by means of gate pulses. An ITO film 
that will act as a counter electrode 26 is formed on the other substrate 25b. 
[0019] Explanation on one example of the present invention will be follow. The size of a 
pixel electrode 21 was made to be 350x350 ]xm. The method for manufacturing 
differences in level for a unit that is smaller than a pixel on a ITO film of a counter 
substrate will follow. 

[0020] A negative type photoresist ONNR-20 (a product of Tokyo Ohka) was applied onto 
an ITO substrate by a spinner, the substrate was pre-baked, and subjected to a common 
process using a photomask (according to the catalogue of Tokyo Ohka), so that, as shown 
in the schematic view of Fig .3, lattice-like differences in level with a thickness of about 2.5 
jim were formed which partitioned one pixel into four. In Fig. 3, numeral 32 indicates the 
size of one pixel, numeral 31, the lattice-like difference in level, numeral 31, the substrate, 
and numeral 34, slits for facilitating the inflow of the liquid crystal. The inflow of the 
liquid crystal was difficult when in a closed loop without any slit. 
[002 1] First, a polyimide alignment film OPTOMER AL206 1, a product of Japan 
Synthetic Rubber, was applied, by a printing method, to the substrate with TFT elements 
and the substrate with lattice -shaped differences in level, respectively. The curing was 
performed in a clean oven at a temperature of 190°C for 30 minutes. The thickness of the 
polyimide film was about 60 nm. 

[0022] Next, rubbing treatment was carried out on both the substrates with rayon cloth 
so that a counterclockwise spray alignment TN cell was formed (see Fig. 4; in Fig. 4, 
numeral 41 indicates the rubbing direction of the top substrate and numeral 42, the 
rubbing direction of the bottom substrate). 

[0023] Through such rubbing treatment, the pre tilt angles of the top and bottom 
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substrates have the same direction, showing a spray alignment so that the 6 p(m) could 
be made to be about 0 degrees. 

[0024] After a sealing part was formed by applying screen printing of an epoxy adhesive 
to the counter substrate, MICROPEARL (an average particle size of 5 jam) from Sekisui 
Fine Chemical was dispersed on the substrate. 

[0025] After the counter substrate thus treated was bonded with the other substrate 
with TFT elements thereon, thermal curing at 150°C was carried out for 1 hour, while a 
pressure of about 1 kg/cm 2 was applied, to form an empty cell that was to show 
anticlockwise TNT alignment. 

[0026] Into the cell fabricated accordingly, a liquid crystal material from a formulation of 
liquid crystal ZLI 4792 from Merck with a chiral agent S811 of Merck to realize a pitch of 
80 ^im, was injected by a vacuum injection method. On completion of the injection, the 
injection port was sealed with an epoxy sealant. Owing to the slits, there was no bubbles 
in the liquid crystal, and the liquid crystal was uniformly enclosed. 
[0027] Active matrix driving was carried out by applying gate pulses to the gate 
electrodes, and actuating signal voltages to the source electrodes, in the TNT liquid crystal 
panel with TFT elements thereon thus fabricated. The actuating signal voltages were 
applied, so that the polarities of adjacent source electrodes were the same, and the polarity 
was inverted at every field (one field inverted driving). 

[0028] The display was carried out with the polarizing plate in a cross-Nicol 
arrangement. The display by the driving showed a good quality, with a wide viewing 
angle. 

[0029] Furthermore, it was confirmed, when observed with a magnifier, and changing 
the viewing direction, that the liquid crystal molecules were tilted to different directions in 
four-partitioned unit cells, respectively. 

[0030] Furthermore, as a comparative example, a panel was fabricated in a way similar 
to the above except that lattice-shaped differences in level were not formed on the ITO 
substrate as the counter substrate. When it was driven, one domain became larger than 
one pixel, and parts having different viewing angle characteristics were highly visible, 
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damaging the display quality. 

[003 1] (EXAMPLE 2) A substrate with TFT elements thereon and counter substrate 
with differences in level that had similar structures to those of EXAMPLE 1 were 
fabricated. The alignment film was prepared, using a monobasic chrome complex for 
vertical alignment use and according to the reference- S. Matsumoto et al., Appl. Phys. 
Lett., 27 , p.268 (1975) (the preparation method or the like of the complex is described in 
the reference in detail). 

[0032] MJ 902880 from Merck Japan was used as the liquid crystal material. The cell 
thickness was 4.5 jim. 

[0033] The other manufacturing processes followed EXAMPLE 1. When the display 
was carried out by the same driving as for EXAMPLE 1, good display with a wide viewing 
angle was realized. Furthermore, it was confirmed, when observed with a magnifier, and 
changing the viewing direction, that the liquid crystal molecules were tilted to different 
directions in four-partitioned unit cells, respectively. 

[0034] (EXAMPLE 3) A polymer composite type liquid crystal panel as one of examples 
of the present invention will be explained below, using attached drawings. 
[0035] A substrate with TFT elements thereon and counter substrate with ITO, both 
with alignment films, ,etc. were fabricated as for EXAMPLE 1, and assembled into a panel 
in the same way as for EXAMPLE 1. 

[0036] Alignment treatment was carried out in the same way as for EXAMPLE 1, 
respectively, so that the resulting (9p(m)) was about 0 degrees. 

[0037] A mixture of a UV curable monomer (INC 90- Nippon Kayaku) and a nematic 
liquid crystal used for EXAMPLE 1 at a weight ratio of L10 was injected into the panel in 
a manner similar to EXAMPLE 1, and sealed. 

[0038] A chiral agent was added to the nematic liquid crystal in the same way as in 
EXAMPLE 1, to realize anticlockwise optical rotation. 

[0039] Afterward, UV was irradiated at a UV intensity of 200 mW/cm 2 for 1 minute at 
30°C, using a lattice-shaped mask 51 that partitioned one pixel 52 into smaller units 53 
each with a size one fourth of the pixel 52 as shown in Fig. 5. After the partial curing 
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was carried out in this way, UV rays were irradiated at a UV intensity of 200 mW/cm 2 for 

I minute at 30° C over the whole display region for curing. 

[0040] When the completed liquid crystal panel was observed, a degree of partitioning 
was formed for the liquid crystal unit cells along the lattice shape. 

[0041] When the display was carried out by the same driving as for EXAMPLE 1, good 
viewing angle properties were realized. Furthermore, even when the liquid crystal cells 
were not partitioned intentionally into unit cells by a mask as was used above, the 
polymer dispersion type liquid crystal was found to be effective in enlarging the viewing 
angle, since the liquid crystal was partitioned by the network structure finely divided by 
the polymer. 

[0042] Furthermore, although this example uses a composite with a polymer, the display 
was not dark even when polarizing plates were used, and provided brightness which was 
approximately the same as a usual TN, since alignment treatment was carried out. 
[0043] [EFFECT OF THE INVENTION] The present invention provides a liquid 
crystal panel having a wider viewing angle and good display quality. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. l] A schematic view of a liquid crystal panel showing the operation of the present 
invention. 

[Fig. 2] A view of structure of a general TFT element in an example. 

[Fig. 3] A schematic view of a substrate with differences in level according to an example 

of the present invention. 

[Fig. 4] A schematic view showing the rubbing treatment for spray alignment according 
to an example of the present invention. 

[Fig. 5] A view of structure of a lattice-shaped photomask used for an example of the 
present invention. 
[EXPLANATION OF SIGNS] 

I I liquid crystal panel 

12 one pixel 

13 liquid crystal unit cell 
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14 liquid crystal layer 

15 liquid crystal molecules at the center 

16 liquid crystal region (domain) 
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